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(54) Printed circuit boards 

(57) A printed circuit board structure 
comprises a number of dielectric 
laminates 3, a sheet of thermally 
conductive material 1 and a further 
dielectric laminate 4. The sheet 1 
has clearance apertures for subse- 
quent holes 5 for plated through 
interconnections. Metallic conductor 
patterns 6 are formed on the outer 
surfaces of the structure. The asym- 
metrical placing of the thermally 
conductive layer with respect to the 
central plane of the structure pro- 
vides maximum heat transfer from 
ieadless electronic chips affixed to 
the conductor pattern. The dielectric 



laminate 4 may have apertures 
through which parts of the ther- 
mally conductive layer protrude to 
make contact with the chips. 
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SPECIFICATION 

Printed circuit boards 

5 This invention relates to printed circuit boards, 
particularly those used as integral interconnec- 
tion substrates for electronic assemblies. 

In order to meet the cost and performance 
criteria of modern electronic systems, ad- 

10 vances continue to be registered by the inte- 
grated circuit industries along the lines of 
higher systems performance (as expressed by 
lower circuit and system delay time for the 
execution of logic functions) and lower sys- 

1 5 terns cost. These advances may be achieved 
by integration at the primary chip level and 
therefore increased packaging density at the 
secondary interconnection substrate level. 
It is also known that the relationship be- 

20 tween reduced delay time per logic gate (i.e. 
improved systems performance) and the 
power dissipation may be expressed (in accor- 
dance with the empirical statistical function 
derived from actual and computer models) as 



25 



dp = K 2 - 



<*9 



tc 



30 where 

— dp is the power dissipation per 
unit area, 

— dg is the packaging density in 
gates per unit area, 
35 " — tc is the circuit delay time, 
and 

K 2 = tc X Pc, where 

— pc is the power dissipation per 
gate which is nearly constant in obedience 
40 with the prevailing integrated circuit techno- 
logy. 

This relationship indicates universally that 
higher packaging density and lower circuit 
delay time will give rise to higher power 

45 dissipation and therefore the fundamental re- 
quirement of thermal management of the in- 
terconnection substrate and the system in 
order to ensure systems operate at the correct 
device temperature rise. 

50 More specifically, with the advent of surface 
mounted components, e.g. leadless chip carri- 
ers and chip components, as alternative ad- 
vanced packaging techniques capable for 
meeting the requirement of modern electronic 

55 systems, problems are encountered in the 
fabrication of conventional interconnection 
substrates compatible with the needs of high 
power dissipation devices. For instance, these 
packages or chips are leadless, planar in confi- 

60 guration and very limited space is available at 
the interconnection substrate level for the in- 
clusion of thermally conducting planes. Other 
compatabiiity problems, e.g. the mismatch of 
physical and mechanical properties between 

65 components and substrate, can be overcome 



by adopting techniques such as those dis- 
closed in British patent application 81/13873 
(Serial No. A) (M.M.A. EIRefaie-3). 

In modern airborne electronic systems it is 

70 particularly essential to bring the total weight 
and volume of electronic assemblies to a 
minimum. Therefore the inclusion of an inte- 
gral thermally conducting plane within the 
configuration of the interconnection substrate 

75 as part of the structural assembly to be used 
with or without air cooling is definitely advan- 
tageous. 

In order to provide for the thermal manage- 
ment of particularly high power devices in the 
80 form of Dual-in-Line-Packages mounted into 
metallised through-holes formed into known 
printed circuit boards, a so called heat ladder 
or heat sink is fabricated from thermally con- 
ducting material, e.g. copper or aluminium, 
85 suitably coated for insulation and environmen- 
tal protection and subsequently bonded with 
the aid of a dielectric insulating bonding 
agent, e.g. reinforced or non-reinforced poly- 
mer, to the printed circuit cards prior to 
90 component assembly. The configuration of 
this heat sink is such that the components are 
located above the heat sink and the thermal 
transfer takes place by both conduction and 
radiation eventually to a cold wall or other 
95 heat sink dependent on systems design. 
In the cases of surface mounted compo- 
nents, however, due to the fact that compo- 
nents are mounted in the immediate vicinity 
of the substrate, several solutions have been 

100 documented. For example, see "Application 
of Additive Technology to Metal Core Boards" 
by G. Messner, Proceedings, Institute of 
Printed Circuits Technical Seminar on 1974 
Fall Meeting, Los Angeles. 

1 05 Printed circuit boards for high packaging 
density applications are conventionally fabri- 
cated into either two sided level of intercon- 
nection or multilayer level. The base material, 
which is commonly epoxide reinforced glass 

110 fibre laminate clad or unclad with copper foil 
is originally fabricated by laminating and 
bonding several plies of semicured epoxide 
reinforced glass fibre sheets, the total number 
of which and the thickness of individual 

1 1 5 sheets together define the overall thickness of 
the laminate. 

In multilayer configuration, several intercon- 
nection conductive pattern planes are firstly 
fabricated by the well known printing and 

1 20 etching techniques and subsequently lami- 
nated together with interleaving sheets of 
semicured epoxide glass reinforced sheets. 
Bonding of the whole structure takes place 
under well defined pressure and temperature 

125 cycle. 

According to the present invention there is 
provided a printed circuit board structure in- 
cluding a plurality of plies of dielectric ma- 
terial laminated and bonded together, at least 
1 30 one of the outer surfaces of the ply structure 
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being provided with a pattern of metallic 
conductors, and at least one layer of thermally 
conductive material placed asymmetrically 
within the ply structure with respect to the 
5 central plane thereof to provide maximum 
heat transfer from electronic devices affixed to 
the metallic conductors to the thermally con- 
ductive layer. 

According to one embodiment of the inven- 

1 0 tion the ply or plies between the layer of 
thermally conductive material and the outer 
surface provided with metallic conductors is 
formed with apertures in areas between parts 
of the conductor pattern, and the thermally 

1 5 conductive layer has corresponding portions 
protruding into the apertures, the portions 
protruding at least as far as the conductor 
carrying surface. 

Embodiments of the invention will now be 

20 described with reference to the accompanying 
drawings, in which: 

Figure 1 illustrates a double sided printed 
circuit board with a single thermally conduc- 
tive layer, 

25 Figure 2 illustrates a modification of the 
board of Fig. 1, 

Figure 3 illustrates a double sided board 
with two thermally conductive layers, 
Figure 4 illustrates a modification of the 

30 board of Fig. 3, 

Figure 5 illustrates a multilayer board with a 
single thermally conductive layer. 

Figure 6 illustrates a modification of the 
board of Fig. 5, 

35 Figure 7 illustrates a multilayer board with 
two thermally conductive layers, 

Figure 8 illustrates a modification of the 
board of Fig. 7, and 

Figure 9 illustrates an arrangement of two 

40 printed circuit boards having a common ther- 
mally conductive layer. 

The board illustrated in Fig. 1 is made up of 
a number of epoxide reinforced glass fibre 
laminates 3, a sheet of aluminium, steel or 

45 copper 1 and a further glass fibre laminate 4. 
The metal sheet 1 is preformed with clearance 
apertures at positions where subsequent 
plated through hole connections will be re- 
quired. The metal sheet is then treated to 

50 promote the adhesion of semicured epoxide 
glass reinforced sheets by oxidising, anodising 
or pickling. The whole structure is then lami- 
nated and bonded under conditions of heat 
and pressure. During the bonding process the 

55 apertures in the metal sheet should be com- 
pletely filled with sufficient epoxy material 2 
being squeezed out of the adjoining lamina- 
tions. In accordance with the disclosure in 
application No. 81/1 3873 the outer surface 

60 of the further laminate 4 may be coated with 
an elastomer layer (not shown) if required. 
Holes 5 are drilled as required for making 
electrical interconnects through the structure 
and finally electrically conductive pattern 6 

65 are selectively formed on the surfaces and in 
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the holes of the structure. These may be 
formed by any known method, e.g. printing, 
plating, etc. by additive, semi additive or 
subtractive techniques. The patterns 6 may 

70 include pads 6a to which leadless electronic 
components or "chips" (not shown) can be 
electrically connected, e.g. by soldering. 
There is thus a minimal impedance to heat 
transfer from devices attached to the pads 6a 

75 to the heat sink formed by the thermally 
conductive layer 1 by means of which heat 
may be conducted away from the areas ad- 
jacnt the devices. The thermal path is reduced 
to the thickness of the elastomer layer (if any) 

80 and the dielectric layer 4, which may be of 
the order of 50-200um. 

In the modification shown in Fig. 2 pro- 
vision is made for surface mounting of very 
high power dissipating devices. The construc- 

85 tion of the structure is basically the same as 
for Fig. 1 . However, the dielectric laminate 4 
has apertures through which parts 7 of the 
pre-formed metal layer 1 protrude, to at least 
the surface mounting level. Devices subse- 

90 quently mounted on the pads 6a can therefore 
be in intimate contact with the heat sink. 

Fig. 3 shows a structure having a double 
sided mounting arrangement. In effect this is 
two asymmetrical structures as shown in Fig. 

95 1 in a "back-to-back" configuration, with 
plated through hole connections between the 
two mounting surfaces. 

Fig. 4 is a similar "back-to-back" configura- 
tion of two of the structures shown in Fig. 2. 
100 Fig. 5 illustrates a multilayer circuit arrange- 
ment where the thermally conductive layer 1 
is designed and fabricated as described above 
and is positioned in the vicinity of the surface 
mounting dielectric layer 4 and conductive 
105 metal pattern 6. A multilayer interconnection 
system 8 is incorporated in the laminated 
structure with buried interconnects 9 to pro- 
vide for the interlayer connections in addition 
to the through connections 5. The multilayer 
110 system 8 is fabricated by known multilayer 
techniques. 

Fig. 6 shows a modification of the multila- 
yer structure of Fig. 5 with protruding parts of 
the thermally conducting layer for high power 
1 1 5 dissipation. Fig. 7 shows a "back-to-back" 
configuration of thermally conductive layers 
with a bured multilayer structure, and Fig. 8 
shows a high power dissipation version of the 
structure of Fig. 7. 
120 Fig. 9 shows a modification applicable to all 
the previous examples in which the thermally 
conductive layer 1 extends through two 
printed circuit structures. The central portion 

I a of the plane is then deformed so that the 
125 two structures can enclose a cooling channel 

I I through a cooling medium may be forced. 
The thermally conductive plane may also be 
adapted to provide mechanical fixturing 12. 

By providing maximum heat transfer from 
1 30 the electronic devices affixed to the printed 
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circuit the least adverse effects on the inter- 
connection capability of the printed circuit 
structure are achieved. 

5 CLAIMS 

1 . A printed circuit board structure includ- 
ing a plurality of plies of dielectric material 
laminated and bonded together, at least one 
of the outer surfaces of the ply structure being 

10 provided with a pattern of metallic conduc- 
tors, and at least one layer of thermally con- 
ductive material placed asymmetrically within 
the ply structure with respect to the central 
plane thereof to provide maximum heat trans- 

1 5 fer from electronic devices affixed to the 

metallic conductors to the thermally conduc- 
tive layer. 

2. A printed circuit board structure in 
which the ply or plies between the layer of 

20 thermally conductive material and the outer 
surface provided with metallic conductors is 
formed with apertures in areas between parts 
of the conductor pattern, and the thermally 
conductive layer has corresponding portions 

25 protruding into the apertures, the portions 
protruding at least as far as the conductor 
carrying surface. 

3. A printed circuit board structure accord- 
ing to claim 1 or 2 including on the second 

30 outer surface a further pattern of metallic 
conductors and provided with a second layer 
of thermally conductive material placed within 
the ply structure adjacent the second outer 
surface to provide maximum heat transfer 

35 from electronic devices affixed to the metallic 
conductors of the further pattern. 

4. A printed circuit board structure as 
claimed in claim 3 wherein the ply or plies 
between the second layer of thermally con- 

40 ductive material and the second outer surface 
is formed with apertures in areas between 
parts of the second conductor pattern, and the 
second thermally conductive layer has corre- 
sponding portions protruding into the aper- 

45 tures as least as far as the conductor carrying 
surface. 

5. A printed circuit board structure accord- 
ing to any preceding claim including a multila- 
yer interconnection system incorporated 

50 within the ply structure beneath the thermally 
conductive layer or layers. 

6. A printed circuit board structure accord- 
ing to any preceding claim including plated 
through hole connections between the con- 

55 ductor layers, the plated through holes pass- 
ing through clearance holes in the thermally 
conductive layer(s). 

7. A printed circuit board assembly includ- 
ing two structures according to any preceding 

60 claim wherein one thermally conductive layer 
extends between and is common to both 
structures, the portion of the thermally con- 
ductive layer between the two structures be- 
ing deformed so that the structures enclose a 

65 cooling channel through which a cooling me- 



dium can be forced. 

8. A printed circuit board structure accord- 
ing to any preceding claim in which elastomer 
layers are interposed in the interface between 

70 the component mounting conductor pattern 
and the outer ply of dielectric material. 

9. A printed circuit board structure accord- 
ing to any preceding claim wherein the ther- 
mally conductive layer is copper, aluminium 

75 or steel. 

10. A printed circuit board structure sub- 
stantially as described with reference to any 
one of the accompanying drawings. 

1 1 . Electronic equipment including a 
80 printed circuit board structure according to 

any preceding claim. 
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